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Abstract: Epidemiology has evolved with the development of new
molecular technologies that refine the way we investigate the rela-
tionships between exposure and disease. While these novel tools
open new opportunities to delve into the mechanisms of the molec-
ular epidemiologic continuum, they also come with the challenge of
ensuring their meaningful application in epidemiologic investiga-
tions. To train successful molecular epidemiologists in the postge-
nome/epigenome era, we can look to the “lessons learned” when
epidemiologists first integrated molecular biomarkers into tradi-
tional epidemiologic designs. These examples show how interdisci-
plinary training in molecular epidemiology programs can help en-
sure that new technologies are used effectively to understand the
mechanisms driving exposure-disease relationships.

(Epidemiology 2008;19: 350–352)

In the last 25 years, the practice of epidemiology has
evolved with the development of new molecular technolo-

gies that have allowed us to refine the way we investigate the
relationships between exposure and disease. Advances in
molecular biology have increased in a seemingly exponential
fashion following the identification of the DNA double helix
by Watson and Crick in 1953. These innovations have pro-
vided the basis for many of the tools used in modern epide-
miology, leading to the formal introduction of the concept of
molecular epidemiology in 1982.1 Molecular epidemiologic
tools have enabled us to explore the mechanistic pathways
that underlie observed exposure-disease relationships that
were formerly hidden in a “black box.” Initial research

focused on various forms of direct genetic damage as relevant
biomarkers.

With the completion of the Human Genome Project2

and the initiation of the Human Epigenome Project,3 molec-
ular tools have expanded further, providing modern-day mo-
lecular epidemiologists with powerful new laboratory-based
techniques that include epigenetic and “-omics” technologies
(genomics, proteomics, metabonomics, etc.). While these
novel tools provide new opportunities to delve deeper into the
components of the molecular epidemiologic continuum, they
also come with the challenge of ensuring their meaningful
application in modern epidemiologic investigations.

In many ways, learning to incorporate the emerging
technologies of today is very similar to the way in which
epidemiologists added tools to their toolboxes when they first
integrated molecular biomarkers into traditional epidemiolog-
ical designs. To train successful molecular epidemiologists in
the postgenome/epigenome era, we can look to the “lessons
learned” from that transition to guide in integrating today’s
emerging technologies. Using the example of the successful
incorporation of the biologic markers of DNA damage related
to polycyclic aromatic hydrocarbons (PAH-DNA adducts),
we highlight the critical importance of biomarker validation
as well as the continued value of basic epidemiologic con-
cepts and framework.

PAH-DNA Adduct Measurements in
Epidemiology: Lessons Learned

PAHs are potent carcinogens found in tobacco smoke
and other environmental mixtures.4 To study health effects
associated with PAH exposure, PAHs could be measured in
the air or estimated using a questionnaire. Miller and Miller5

established experimentally that PAHs can bind covalently
with DNA, forming PAH-DNA adducts, and that DNA ad-
duct formation was a causal carcinogenic mechanism in
laboratory animals. The rapid quantification of PAH-DNA
adducts was made possible with the development and appli-
cation of an enzyme-linked immunosorbent assay.6 Using
this new technology, in 1982 PAH-DNA adducts were de-
tected and measured in a human population in vivo—provid-
ing an opportunity for epidemiologists to use this biomarker
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in their investigations of PAH-related disease.7 The possibil-
ity of incorporating a biologic marker that reflected the
biologically effective dose of PAH marked a substantial
improvement from the more traditional methods of assessing
PAH exposure for epidemiologic research.

However, before investigators could use PAH-DNA
adducts as biomarkers in epidemiologic studies, molecular
epidemiologists carefully examined the characteristics and
validity of the laboratory methodology, including the sensi-
tivity, specificity, minimum quantify of DNA required for
quantification, limit of detection, and factors that might com-
promise the accuracy of the measurement. Once the assay had
been characterized, a series of validation studies were under-
taken before the biomarker was used in large-scale epidemi-
ologic investigations. Although it was clear that the PAH-
DNA adducts could be measured in human blood, could
levels of adducts distinguish between exposed and unexposed
populations? Between cancer cases and controls? Were ad-
ducts measured in peripheral white blood cells good surro-
gates for adducts in target tissues?8–10 How much of the
variability in DNA adduct measurements were due to be-
tween-person, within-person, or laboratory variability?11 It is
clear that before PAH-DNA adducts were planned for use as
biomarkers in full-scale epidemiologic studies, there were
many preliminary validation studies that were undertaken.
Each of these steps involves proficiency in academic
disciplines in addition to basic epidemiologic training,
including molecular biology, toxicology, laboratory sci-
ence, and biostatistics.

While proficiency in these areas is important for de-
signing and understanding the implications of validation
studies undertaken prior to the design and initiation of a
full-scale epidemiologic study, they are also critical for trou-
ble-shooting, as the full-scale study progresses. For example,
during a longitudinal study in which PAH-DNA adducts were
used as biomarkers of biologically effective dose, the labo-
ratory methodology improved and the low-dose sensitivity of
the assay increased. From the laboratory perspective, it made
sense to use the improved assay. However, a well-trained
molecular epidemiologist would identify the potential fatal
flaw in changing methodologies “midstream.”

This exemplifies the way in which the epidemiologist
needs to be involved in and understand all aspects of the
study, even those moving outside of traditional epidemiologic
training.

Using Lessons Learned to Guide Incorporation
of New Technology

Today’s modern epidemiologists face similar chal-
lenges as they assess the potential for using new technologies
in epidemiologic studies.12 For example, epigenetic modifi-
cations, described as heritable changes in the genome that do
not involve alterations in nucleotide sequences, have emerged
as a promising explanation for the observed variation be-

tween genotype and gene expression.13 Epigenetic modifica-
tions take many forms, including aberrant gene promoter
methylation, which may impact the ways genes under the
control of this promoter region may be expressed. To evalu-
ate this mechanism, many laboratory methods have been
developed to assess various aspect of DNA methylation,
including global methylation (describing a participant’s over-
all methylation fingerprint) and gene-specific methylation
(describing the methylation of DNA regions that control
specific gene expression). The modern epidemiologist must
answer a series of questions before entertaining the idea of
incorporating these markers in large-scale studies.

First, the epidemiologist is required to select a labora-
tory method. As with PAH-DNA adduct measurements, there
are advantages and disadvantages to each of the laboratory
techniques designed to quantify DNA methylation (as out-
lined by Ho and Tang14). The selection of the method for use
in an epidemiologic study is dependent on many factors,
including those that are directly related to laboratory charac-
teristics (the assay’s sensitivity, specificity, reproducibility)
as well as other logistical characteristics (including the
amount of sample required, the cost per run, and the avail-
ability of equipment and trained technicians). These issues
are similar to considerations molecular epidemiologists faced
when incorporating PAH-DNA adducts.

One of the biggest differences between the first uses of
PAH-DNA adducts in epidemiology and the incorporation of
today’s emerging technology is the quantity of data that is
generated. The field of bioinformatics developed as a result of
the data generated from new laboratory techniques, and it will
be crucial to have as a coinvestigator a biostatistician or
another individual well-trained in interpretation of this data.
In addition to necessitating additional expertise, the genera-
tion of this type of data also shifts the validation paradigm to
one of discovery as well as hypothesis-testing. Initially dis-
covery-oriented approaches must be used to sort through the
vast quantity of information that is generated from these
new genome (or proteome or metabonome)-wide ap-
proaches to determine relevant patterns and biomarkers for
use in hypothesis-testing.

Epidemiologists must develop a deep enough under-
standing of the principles of these disciplines to evaluate
when to use and when NOT to use biomarkers generated from
these new technologies. Although tempting to incorporate
new markers because they are “new and exciting,” epidemi-
ologists need to develop the skills to know when the
biomarkers have been sufficiently validated so that their
interpretation is meaningful.

In a sense, a molecular epidemiologist operates as the
conductor of a scientific orchestra of players, including lab-
oratory scientists and technicians, biostatisticians, as well as
experts in bioinformatics. Just as it is impractical to expect an
orchestra conductor to be able to play every instrument, it is
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not reasonable to expect a molecular epidemiologist to be-
come an expert in each of the disciplines contributing to
modern molecular epidemiologic research. However, while
an orchestra conductor is not required to play every musical
instrument, she must understand the sound each instrument
makes to coordinate them into a symphony. Similarly, in
addition to a mastery of epidemiology, which remains the
basis of modern molecular epidemiologic research, a molec-
ular epidemiologist’s job is multidisciplinary, requiring pro-
ficiency in the fundamentals of each of the disciplines con-
tributing to the research. Incorporating this interdisciplinary
training in molecular epidemiology programs will ensure that
new technologies can be used effectively to enhance the
ability of epidemiologists to draw conclusions about mecha-
nisms driving exposure-disease relationships. Then disease
prevention will be an attainable goal.
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